Studies on Gracilaria gracilis (Stackhouse) Steentoft, Irvine and Farnham and Gracilaria aculeata (Hering) Papenfuss from southern Africa. II. Agar production  by Wilson, A.J. & Critchiey, A.T.
110 S. AIr. J. Bot. 1998. 64(2) 
Studies on Graci/aria gracilis (Stackhouse) Steen toft, Irvine and Farnham and 
Gracilaria aculeata (Hering) Papenfuss from southern Africa. II. Agar production 
A.J. Wilson* and A.T. Critchley 
Department of Botany, University of the Witwatersrand, Private Bag 3, Wits 2050 Republic of South Africa 
Received 22 April 1997; revised /0 October 1997 
The production of agar by two southern African agarophytes, Graci/aria gracilis and G. aculeata was studied. Wild 
collected (field populations) and laboratory cultured (22°C, 100 Ilmol m-2 s-1, 35% ± 330 f.lmol N) material were 
compared. Pre-treatment with alkali reduced agar yields from both species but did not significantly influence gel 
strength, gelling temperature and melting temperature. Yields, gel strengths, gelling temperatures and melting 
temperatures of agar extracted from wild and cultured material of both species were not significantly different. Agar 
yields of G. gracilis ranged from 41.6 - 49.1 % dry weight, without alkali pre-treatment, which was reduced to 11.1 -
17.7% with alkali pre-treatment. Gel strength was between 427-507 g cm-2 , with ranges of agar melting and gelling 
temperatures of 82" - 89.S"C and 32" - 42.3"C respectively. Agar yields of G. acu/eata ranged from 26.1 - 29.0% dry 
weight without alkali pre-treatment, which was reduced to 8.4 - 13.0% with alkali pre-treatment. The range of gel 
slrength was 424-632 g cm-' with ranges of agar melting and gelling temperatures of 81.7" - 90.S"C and 42.7" -
SO.3"C respectively. Based on their gel strengths (generally < 600 g. cm·'), the agars extracted from G. gracilis and G. 
aculeata fell into the sugar-reactive grade. 
Keywords: Graci/aria graciHs, Graci/aria aculeata, agar, yield, gel strength , gelling temperature , melting temperature, 
alkali pre-treatment, southern Africa. 
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Introduction 
Agar is a water soluble polysaccharide (or phycocolloid) which 
constitutes the matrix component of cell walls of marine red 
algae known as agarophytes (Lahaye & Yaphe 1988; Valiente el 
af. 1992; Armisen 1997) . Phycocolloids give viscosity, strength 
and stability to aqueous mixtures, solutions and emulsions 
(Indergaard & Ostgaard 1991). As a result, agar has applications 
in food, cosmetic, paper, textile, petroleum, pharmaceutical, bio-
chern ical and genetic industries (Mathew el af. 1989; Santelices 
& Doty 1989; Trono 1989; Becker & Rotmann 1990; de 
Roeck-Holtzhauer 1991; Indergaard & Ostgaard 1991; 
Skjak·Braek & Martinsen 1991). Most of the world ' s agar pro-
duction is based on Craci/aria (McHugh 1984, 1991; Armisen 
1995). 
The basic structure of agar is repeating units of agarobiose. 
consisting of (1,4 )-linked p-D-galactose and (1 ,3)·linked 
3,6-anhydro·o:·L-galactose units (Yaphe 1984; Lignell & Peder-
sen 1989; Ekman & Pedersen 1990). Frequently the agarobiose 
is substituted by methyl and sulphate esters and/or pyruvate ketal 
groups (Yaphe 1984; Lahaye & Yaphe 1988). An agarobiose 
molecule that is free from charged groups, i.e. agarose, has the 
ability to for111 a double helix structure (Armisen 1991)_ Adjacent 
helical molecules form a gel (Ekman 1991). The characteristics 
of agar depend on the quantity and position of the substituted 
groups (Lahaye & Yaphe 1988; Lignell & Pedersen 1989; Smid-
srod & Christensen 1991; Armisen 1997) and as the percentage 
of helices increases, the strength of the gel increases (Ekman 
1991). Agar from Craci/aria is usually pre-treated with alkali , 
which increases the strength (although it may also decrease 
yield, Whyte & Englar 1980). The presence ofL-galactose 6-sul-
phate in agar causes irregularities in the helices and pre-treat-
ment with alkali converts the L-galactose 6~sulphate to 
3,6~anhydro-L-galactose. The shape of this molecule removes 
the irregularities from the helices and allows them to align more 
closely with each other, giving a higher gel strength (McHugh 
19841991; Yaphe 1984). 
Agar shows marked differences in quality (gel strength, 
gelling and melting temperature) depending on algal species 
(Nelson el af. 1983; Craigie el af. 1984; Lahaye & Yap he 1989); 
strain (Lignell & Pedersen 1989), life history phase (Whyte el af. 
1981; Pickering el af. 1990), age of the tissue (Craigie & Wen 
1984; Macchiavello 1989), season (Bird el af. 1981; Whyte & 
Englar 1981; Whyte eI af. 198 I; Yang & Wang 1983; Lahaye & 
Yaphe 1988; Luhan 1992) and culture and nutrient conditions 
(Bird el af. 1981; Craigie ef al. 1984; Christiaen el af. 1987; Bird 
1988; Daugherty & Bird 1988; Bird ef af. 1989; Christeller & 
Laing 1989; Lignell & Pedersen 1989; Ekman el af. 1991; 
Lahaye & Rochas 199 I; Luhan 1992). Different quantities 
(yields) of agar are obtained from different strains (Levy & 
Friedlander 1990), during different seasons (Nelson el af. 1983 ; 
Penniman & Mathieson 1987; Macchiavello 1989; Bird & 
Ryther 1990; Luhan 1992) and under different culture and nutri-
ent conditions (Bird et al. 1981 ; Craigie el al. 1984; Christiaen et 
af. 1987; Bird 1988; Daugherty & Bird 1988; Bird el af. 1989; 
Christeller & Laing 1989; Lignell & Pedersen 1989; Ekman el 
af. 1991; Lahaye & Rochas 1991 ; Luhan 1992). 
The objective of this study was to compare the quantity and 
quality of agar produced from C. graci/is (Stackhouse) Steen toft, 
Irvine and Farnham (formerly C. l'erJ'l/cosa. see Bird & Kain 
1995), an agarophyte of known commercial value from LUderitz, 
Namibia, with G. ael/feala (Hering) Papenfuss (Seagrief 1984) 
an agarophyte with potential economic value from KwaZulu-
Natal, South Africa. 
Materials and Methods 
Samples of G. gracilis were coUected in U \dcritzbucht. Namibia and 
G. aculeata from Isipingo and Palm Beach. KwaZulu-NataL South 
Africa during May and August/September 1992 and February/March 
1993. 
Vegetative thalli of material from both sites were first air~ and 
then oven-dried (to constant weight at 60°C) and stored for up [0 6 
months in damp-free conditions unti l required for agar extraction. 
This material constituted the 'wild ' material. 
Vegetative thalli of G. gracilis and G. ael/leata were grown under 
laboratory conditions which produced maximal growth, as 
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determined by Wilson & Critchley (1997) viz. fo r G. gracilis, 22°C/ 
100 J-lnlolm·2 5.1: and G. aculeata a l 22 °C170 J.1Inol m-2 5.1; in 35% 
scawalt!r supplemented with ~PES (Provaso li 1986, ± 330 J-lmol N) 
growth medium; this constituted the 'laboratory cultured' materiaL 
Apical segments ( \-3 em) of G. gracilis were grown in 200 ml 
growth medium for 10- 12 days . This was repeated with new apical 
segments until 30 g fresh mass had been co llected. At the end of 
each growth session Ihe materia l was oven-dried and stored in dam p 
free conditions. Approximately 109 or C. aculeata were grown in 1 
L of growth medium for 2 months, with replenishment of medium 
and rep lacement of the Erlenmeyer flasks every 10 days to minimize 
epiphyte contamination. After 2 mon ths the material was oven-dried 
(60OC) and stored ill damp free condit ions until req uired fo r agar 
ex tract ion. 
Three replicates of all extractions and measurements of physical 
characteristics of the agar gel were carried out; means ± I Standard 
Error (SE) are presented. 
Agar Yield 
Agar was ex tracted from alka li pre-treated and non pre-treated 
(native) samples of wild material and from alkali pre-treated cul-
tu red material. Extractions were conducted in triplicate. 
Agar was extract l.!d according to the following method: 
a) Wild and cultured material was rinsed under running dist illed 
water for I hour to remove excess salts (Whyte et al. 198 1). 
b) Materia l was oven-dried at 60°C, to a constan t mass. 
e) For alkali pre-treatment. 1 g of unground, dried material was 
placed in 106 m! Erlenmeyer flasks with 20 ml alkali (5% NaOH; 
Luhan 1992) and incubated at 90°C for 2 hours (Christell er & Laing 
1989). The materi al was washed in running water for 10 hou rs (Nel-
son el aJ. 1983). Step c) was omitted for non pre-treated samples. 
d) 1 g of oven-dri~d material was added to 200 ml disti lled water 
(Bird el (Ii 1981) and boiled for 2.5 hours; evaporated water was 
replaced (Carter & Anderson 1986). 
e) The hot suspension was then cen trifuged at 2000 rpm for 20 min-
utes. The supernatant was poured off into labelled glass beakers and 
th~ pd leted material was re-ex tracted as descri bed above (Carter & 
Anderson 1986). 
f) The supernatants were frozen overnight and then thawed, in tap 
water, to ajelly (Carter & Anderson 1986). 
g) Thejell y was dried at SO°C to a constant weight (Carter & Ander-
son 1986). 
Agar yield, gel strength, gelling temperature and melting tempera-
ture were determined. Agar yield was expressed as a percentage of 
the original dry mass of the material. 
Gel strength 
Gel strength was measured using an industrial , Nikkansui (Kobe, 
Japan) gel strength meter. This method measures the force that a 
1. 5% ge l call withstand for 20 seconds at 20°e. Gel solutions were 
prepared by disso lving 0.075 g agar flakes (which had been soaked 
overnight in distill ed water) in 5 ml distilled water (evaporated water 
was rep laced). The ge l solution was poured into repli dishes (3.5 cm 
diameter; 1 cm dee p), covered and allowed to stand for 15 hours at 
200 e after 15 hours the gel is at its strongest. The plunger (which has 
a surface area of 1 cm2 and weighs 100 g) on the Nikkansui appara-
tus was lowered over the gel until an indentation was made in the gel 
surface. Weights were added sequentially to the plunger and the time 
between the add ition of the last we ight and the point when the 
plunger penetrated the gel surface was recorded. The gel strength (in 
g cm·2) was then calculated according to the Nikkansui instruction 
manual after the following equation : 
log W" ~ log W + k (log t - log 20) 
where: 
W 20 = maximum weight that can be resisted for 20 seconds at 20°C 
W = weight (plunger weight + added weights) resisted at time t 
t = time (in seconds) resisted by ge l with weight W 
k = coeffic ient = O. IS 
111 
The gell ing and melting temperaturc::s of the agar were determined 
accord ing to the me thods used by Nelson et al. ( 1983). Hur-
tado-Ponce and Umezaki (1988) and Luhan ( 1992). 
Gelling temperature 
Agar (1.5g) was disso lved in 100 ml or dist illed wate r at 60°C. The 
hot solut ion was poured into a glass vial. A thermometer was placed 
into the glass vial, just off centre and the solution was allowed to 
cool. Glass beads were dropped, one at a time, into the glass vial and 
the temperature at which a glass bead fa iled to drop through the agar 
(i.e. remained on the surface of the agar) was taken as the ge lling 
temperature. 
Melting temperature 
The glass vial containing the agar was heated slowly over a bunsen 
burner. Glass beads were dropped into the glass vial and the temper-
atu re at which a bead dropped through the agar ( i.e. touched the bot-
tom of the vial) was taken as the melting temperature. 
For comparative purposes gel strengths, gelling and melting tem-
peratures were determined fo r Difco Bacteriological Agar (Levy et 
al. 1 990a, b), i.e. 1.5% gels of Agar-Agar, Batch 23367. 
An analysis of variance and Tuke), Mult ip le Range tests were 
used to test whether differences in yields. ge l strengths, gelling tem-
peratures and melting temperatures were significant (P < 0.05). 
Results 
The yield, ge l strength, ge ll ing and melting temperature of the 
agars that were extracted from wild and cultured G. gracilis and 
G. aculeata are shown in Table I. 
Yield 
The yield of agar from untreated sam ples o f G gracilis was 
greate r in September (Spring) than May, 1992. Simi larly, the 
yie ld of agar from untreated samples of G. aClileata was greatest 
in the August (late Win ter) sample. More work on possible sea-
sonal variations is required (see al so Anderson et al. 1996). Sam-
ples of G. graeilis and C. Gellleota that were pre-treated with 
alkali yielded s ignificantly less agar than samples that were not 
pre-treated. 
There was no significant difference between the y ie ld of agar 
extracted from wild and cultured G. gracilis. Similarly, agar 
yields from wild and cultured G. aculeala were not significantly 
different. 
There were no significant differences between the agar y ields 
of pre-treated w ild materi al ofG. gracilis and G. aCllleala. How-
ever, non pre-treated wild G. graCilis yielded significantly more 
agar than non pre-treated G. aelileola. 
The agar yield from cultured G. graCilis was not significantly 
different from the agar yield from cultured G. aculeala, i.e. nei-
ther species which were g rown unde r conditions for maximal 
growth, produced significantly more agar. 
Gel strength, melting temperature and gelling temperature 
There were no significant differences in gel strength, melting 
temperature and ge ll ing temperature of agar that was extracted 
from samples of G. gracilis and G. aculeata that were alkali 
pre-treated and agar that was extracted from samples that were 
not pre-treated with alkali. 
The gel strength , melting temperature and gelling temperature 
of the agar that was extracted from w ild G. gracilis was not sig-
nificantly different from the ge l strength, melting temperature 
and gelling temperature of the agar that was extracted from cul-
tured G. gracilis. Similarly, the gel strength, melting temperature 
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Table 1 Mean values (± 1 S.E.) for physical properties of agar extracted from wild and cultured Graci/aria graci/is and 
Graci/aria acu/eata 
Material Alkali pre-treatment Yield (% dl)' wt.) Ge l strength (g em!) Melting Temp. (Oe) Gelling temp. (Oe) 
Wild G gracilis yes 17.7 (0.9) 427 (74) 89.5 ( 1. 1) 423 (3 .2) 
Uiderilz l no 41.6 (2.0) 507 (24) 83.5 ( IA) 33.8 (0 .9) 
May 19922 
Wild G. gracilis yes 15.6 (2.5) 487(-) 88 (2. 1) 37 (1.4) 
LUderitz1 no 49. 1 (4.5) 551 (43) 85.5 (1.1) 32 (0) 
September 19922 
Cultu red G. gracilis yes 11.1 (0.4) 504 (12) 82 (0.7) 34.5 (1.8) 
Uidcritz· 
September 19922 
Wi ld C. neliJel/la yes 13.0 (0.9) 466 (38) 84.5( 1.4) 45.4 (12) 
Isipingol no 26.1 ( 1.9) 524 (74) 883 (2.7) 46 (1.3) 
August 19922 
Wi ld G. Geuleata yes 12.8 (1.0) 460 (34) 90.5 (1.3) 46 .3 (0.7) 
Palm Beach! no 29.0 (2.0) 632 (88.5) 88.2 (0.8) 45 .5 (004) 
August 19922 
Wi ld C. Geulema yes 11.9 (0.6) 424( 17) 82.3 (0.7) 46.8 (1.0) 
Palm Beach l no 26.7 (1.5) 508 (40) 90.5 ( 1.0) 50.3 (1 .3) 
February 19922 
Cultured C. aeuleala yes 8.4 (03) 451 (40) 81.7 (0.7) 42.7 (1.4) 
Palm Beach l 
August 19922 
Agar-Agar Batch 23367 365 (57) 82 (2 .3) 40 .3 (1.7) 
I Collection site ; 2 Collect ion date; Va lues in parentheses are standard errors of the mean 
and gell ing temperature of agar from wild G. aCli/eala was not 
significantly different from the gel strength, melting temperature 
and gelling temperature of agar from cultured G. aCIl /eata. 
There were no significant differences between the gel 
strength, melting temperature and ge ll ing temperature of the agar 
that was extracted from pre-treated wild G. gracilis and pre-
treated wild G. aCll/eala. However, the gelling temperature of the 
agar extracted from non pre-treated samples of wild G. aCllleala 
was significantly greater than the gelling temperature of the agar 
from non pre-treated samples of wild G. graciliS. The gel 
strength and melting temperature of the agar extracted from non 
pre-treated wild G. gracilis was not significantly different from 
the gel strength and melting temperature of the agar from non 
pre-treated wild G. aCIi/eala. 
The gel strength , melt ing temperature and gelling temperature 
of the agar from cultured Graci/aria gracilis was not signifi-
cantly different from the gel strength, melting temperature and 
gell ing temperature of the agar from cultured G. aculeata. 
The gel strengths, melting temperatures and gel ling tempera-
tu res of agars extracted from pretreated wild and cultured G. gra-
cilis and G. acu/eala were not significantly different from the gel 
st rength , melting temperatures and gelling temperatures to the 
Difeo-bacto agar (Agar-Agar). 
Discussion 
Yield 
A wide range of agar yie lds from Gracilaria are reported in the 
literature (e.g. Nelson et al. 1983; Hurtado-Ponce & Umezaki 
1988; Christeller & Laing 1989; Murano el 01.1990; Bird & Hin-
son 1992; Chauhan 1992; Dawes 1992; Engledow & Bolton 
1992; Luhan 199;, Molloy 1992). Rebello el 01. ( 1996) investi-
gated the production of agar by Graci/aria graCilis material, 
originally from Namibia, but grown under laboratory and culti-
vation conditions in Japan. Anderson el af. (1996) reported a 
range of agar yie lds of 12.6- 21.5% of dry weight (mean 17%) 
fo r alkali pre-treated G. gracilis grown in Saldanha Bay, South 
Africa. The yields of agar from alkal i pre-treated G. gracilis. in 
this study, fall with in this range. The range of agar yield from 
alkali pre-treated G. ael/leala was slightly lower (v iz. 8.4- 13.0% 
dry weight). The effects of storage period on the agar yield and 
quality needs to be investigated for both of these species of 
Graci/aria. 
Pre-treatment of G. graCilis and G. aculeala samples with 
alkali significantly reduced the yield of agar (Table I) . It is well 
documented in the literature that alkal i pre-treatm.ell t signifi-
cantly lowers the yield of agar from Graci/aria (Nelson el 01. 
1983; Durairatnam 1987; Aponte-Diaz & Castro 1989; Murano 
el 0/. 1990; Bird & Hinson 1992; Murano el 0/. 1992). 
The agar yields from wild and cultured alkali pre-treated G. 
gracilis and G. aCl/lema were not significantly different (Table 
I). Similar results were reported by Christeller and Laing ( 1989 ), 
i.e. cultured G. sordida produced similar yields to wi ld material. 
However, caution should be exercised in the direct comparison 
of the results of the present study as the condi tions under which 
G. gracilis and G. aClIleota grew in the field were unknown 
whereas culture condi tions were selected through a series of 
growth studies. While culture conditions were maximal for 
growth, they were not necessarily conducive for high agar pro-
duction. Anderson el al. (1996) studied the potential mariculture 
of G. gracilis in Saldanha Bay, South Africa and discuss differ-
ences in growth and yield between sites in addition to the possi-
bi lity of seasonal differences. 
Yields of native (non alkali pre-t reated) agar from wi ld G. 
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gracilis and G. acu/eala were significantly different confirming 
reports that agar yie lds of different Gr aci/aria species and strains 
vary considerably (e.g. Nelson el al. 1983; Cote & Hanisak 
1986; Miller & f'urneaux 1987; Hurtado-Ponce & Umezaki 
1988; Briand 1989: Mathew el al. 1989; Bird & Hinson 1992). 
dependi ng on the J,6-anhydro-galactose content (Cote & Hani-
sak 1(86). However. agar yields from alkali pre-treated wild and 
cultu red Graci/aria gracilis and G. aClfleata were in a si milar 
range. Simi lar proportions of 3,6-anhydro-galactosc may have 
res ul ted from a lka li pre-treatment. 
Gel strength, melting temperature and gelling temperature 
Based on the ge l strengths of G. gracilis and C. aCllleara, 
reponed here, (generally < 600 g. cm·2), the agars ext racted from 
G g/'{lci lis and G. (lCll/en/a fall into the sugar-react ive grade; 
species of Graci/aria com monly produce agar of this grade 
(McI-l ugh 199 1 ).The maxi mum gel strength obtained fo r agar 
extracted from G gracilis grown in field cultivation in Japan was 
higher <"It 859 ± 139.5 g. cm-2, the difference may be due to the 
site characterist ics (c.g. water temperature, nutrient availability, 
Rebe llo t!I al. 1996; sec also Anderson el al. 1996). 
There are numerous rcpons that alkali pre-treatment increases 
gc l streng th (see Introduc tion). However, if agar wi th a high gcl 
strength can be obtai ned without alkali pre- treatment, the process 
is fa r more economical (Cote & Hanisak 1986) and envi ronmen-
tally friendly (no alkali effluent for disposal ). in the present 
study, alkali prc-treatment consistently lowered gel strength (but 
110t significantly so) and did not significantly effect the gel 
st rength, gelling temperature and melt ing temperature of G. gr fl-
cdis and G aClileat(J (Table I ). Alkali -stable and alkali-labile 
su lphatcs Jllay occur in different positions in the agar polym er. 
The presence of alka li stable sulphate esters and pyruvate ketals 
increase agar sol ubi lity and dec rease ge l strength. Si mi larly 
alkali pre-treatment may cause chain breakage, resulting in lower 
gel strengths (M urano et al. 19(2). 
Christeller and Laing ( 1989) reported that agar from wi ld G. 
.\"Ore/ida had a sim ilar gell ing temperature to cul tu red materia l. 
Similarly. the present study showed that the ge ll ing tcmperature 
of the agar extracted from wild G graci/i.~· and G. (lCu/ell/a was 
not sign ificantly different fro lll the gelli ng temperature of agar 
frolll laboratory cu ltured material. In addi tion, gel st rengths and 
mclti ng temperatures of w ild and cul tured thall i were not signifi . 
cantly different. 
The gelling temperatures o f native agars from G. gracilis and 
(; andeala were di fferenl; gel strengths and melt ing tempera-
tures were simi lar . T he agar from alkali pre-treated samples was 
11 0 1 sign ificantly different. 
Gel strength values depend on factors such as method of 
cxtr;:lction, the l1l easurement dev ice, concentration of the ge ls, 
growth condi tions and inco rrect identification of taxa (Levy el 
0/ 1990a). As i.I result, gel strength values have comparative sig-
nifi c;:lllce with in one study only. Levy el al. (1 990a, 1990b) sug· 
gcstcd that agar quality should be compared to a standard 
com mercial agar such as Bacto-Agar (Difco) in order to relate 
the quali ty of different agars to a rnore·or-Iess standard product. 
The ge l strength of the agars ex tracted from C. grcu.:;!is and (; 
(Jcu/eatu. in thc present study, were not significantly different to 
hacto-agar. 
Conclusion 
In terms of agar yie ld , GruL';!aria Rr(/cilis and G. (leulema both 
have a commercia l va lue; both produce sugar reactive grade 
;:Igar. However, although the selection of environmental parame-
ters improves growth (Wilson & Critchley 1997), this study 
showed that it does not necessarily favourably influence agar 
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production. In add ition, this study showed that alkali pre-t rent-
ment in the extract ion process rcduced agar yield . These are 
important points to be borne in mind when considering potential 
cultivat ion of these taxa. 
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